We show that not only the hierarchical quark CKM mixing matrix but also the "bimaximal" lepton flavor mixing matrix can be derived from the same mass matrix ansatz based on the broken permutation symmetry, by assuming the hierarchy of neutrino masses to be m 1 ≃ m 2 << m 3 . We also reproduce the recently measured angle of unitary triangle, sin 2β, as well as all the observed experimental values of V CKM of the quark CKM matrix. And we predict Jarlskog rephasing invariant quantity, J CP ≃ 0.18×10 −4 , and the upper bound of the same quantity in the lepton sector, J l CP ≤ 0.012, which may be indeed large enough to generate the lepton number violation of the universe.
Introduction
The flavor mixing and fermion masses and their hierarchical patterns remain to be one of the basic problems in particle physics. Within the Standard Model, all masses and flavor mixing angles are free parameters and no relations among them are provided. As an attempt to derive relationship between the quark masses and quark mixing hierarchies, a quark massmatrix Ansatz was suggested about two decades ago [1] . This in fact reflects the calculability [2] of the flavor mixing angles in terms of the quark masses. Of several Ansatz proposed, the canonical mass matrices of the Fritzsch type [1, 3] and its variations [4] had been generally assumed to predict the hierarchical Cabibbo-Kobayashi-Maskawa (CKM) matrix [5] or the Wolfenstein mixing matrix [6] except the unexpectedly heavy top-quark mass, m t .
For the lepton sector, we now have some evidence for lepton flavor mixing. The observations of the solar neutrino deficit [7, 8] and the atmospheric neutrino deficit [9] can be explained by neutrino oscillations, and these in turn indicate nonzero neutrino masses and mixing. The elements of the lepton flavor mixing matrix are determined from the neutrino oscillation experiments. The results of the atmospheric neutrino experiments can be explained by maximal mixing between the muon neutrino and tau neutrino states, and those of the solar neutrino experiments can be explained by vacuum oscillation with maximal mixing between the electron neutrino and muon neutrino, although they may also be explained through matter enhanced neutrino oscillation. These results imply the "bimaximal" mixing pattern between three flavor neutrinos [10] .
Thus, it is likely that the "bimaximal" mixing pattern of the lepton sector is quite different from the hierarchical mixing of the quark sector. At the first glance, the origin of the lepton flavor mixing seems to be quite different from that of the quark sector. However, in this Letter, we will show that the lepton flavor mixing can be obtained via diagonalization of the mass matrix based on the broken permutation symmetry, exactly as in the quark sector. In order to do that, we will first derive the quark mixing matrix from the mass matrix Ansatz based on the broken permutation symmetry. Then, we will extend it to the lepton sector. We will, in particular, show that the "bimaximal" mixing of the lepton flavor can be obtained in such a scheme.
Recently a new general class of mass matrix Ansatz, that respects the quark mass hierarchy of the quark flavor mixing matrix, has been studied. That is a generalization of various specific forms of mass matrix by successive breaking of the maximal permutation symmetry.
The resulting mass matrix in the hierarchical basis is of the form [11] :
The matrix M H contains four independent parameters even in the case of real parameters so that the genuine calculability is lost. In order to maintain the calculability, one has to make additional Ansatz to provide any relationship between two of the four independent parameters, as shown in Ref. [12] . In this Letter, however, we do not make additional
Ansatz to keep the calculability but rather introduce additional parameter besides three fermion masses. This additional parameter will be determined from the best fit to the measured quark CKM mixing matrix and the observed neutrino mass hierarchy.
The parameters A, B, C and D can be expressed in terms of the fermion mass eigenvalues.
In view of the hierarchical pattern of the quark masses, it is natural to expect that A < D << C, and then one can take the mass eigenvalues to be −m 1 , m 2 and m 3 . The trace and the determinant of M H should be given, respectively,
From those relations, we obtain the following form of fermion mass matrix:
in which the analytic relation between two parameters ǫ and ω is given by
For given three fermion masses, ω 2 is determined by fixing the parameter ǫ. Therefore, the mixing matrix can be expressed in terms of three fermion mass eigenvalues and additional parameter ǫ. Moreover we have to restrict the parameter range, 0 < ǫ < (m 3 − m 2 ), so that the mass matrix is to be real symmetric. Although there are four independent parameters in the mass matrix, Eq. (2), it will be shown in Sections 2 and 3 that by varying the additional parameter ǫ we can reproduce not only the hierarchical quark CKM mixing matrix but also the "bimaximal" lepton mixing matrix from the same mass matrix Ansatz of Eq. (2).
The real symmetric mass matrix M can be diagonalized by an orthogonal matrix U as follows:
The analytic formula for the orthogonal matrix is obtained, after simple algebra,
where the normalization factors are
Using the above formulae, one can calculate the quark and lepton flavor mixing matrices.
Since the flavor mixing matrix for the quark sector is CKM matrix, we will determine the parameter ǫ from the best fit to the measured CKM matrix elements by using the running quark masses at 1 GeV scale. As shown in Section 2, the CP-violating phase δ will also be determined from the best fit analysis.
In the lepton sector, the mixing matrix can be expressed in terms of the lepton masses.
Thanks to the evidence for the neutrino oscillations and nonzero neutrino masses, one can phenomenologically construct the lepton mixing matrix in such a way as to be consistent with the present neutrino experiments. Preferring the vacuum oscillation solutions for the solar and atmospheric neutrino deficits, we may take into account the "bimaximal" mixing scenario [10] . In Section 3, we will show how the near "bimaximal" mixing matrix can be achieved from our same mass matrix Ansatz by assuming the hierarchy of neutrino masses to be m 1 ≃ m 2 << m 3 and taking parameter ǫ appropriately.
Quark Flavor CKM Mixing Matrix
Now let us consider the quark sector with the form of mass matrix, Eq. (2). We will take the up-type and down-type quark mass matrix as follows:
where the CP-violating phase δ is from P = diag(exp(iδ) Note that we have used the same parameter ǫ for up-and down-type quark mass matrices.
The CKM matrix can be obtained by
from the orthogonal matrices of U u , U d of Eq. (4). Explicit formulae of the CKM matrix elements are as follows:
where
, and ω u(d) are given in Eqs. (6), (7), (8) Due to the mass hierarchy in the quark sector, we can express the CKM matrix elements in the leading approximation,
Note that our result for |V us | in Eq. (22) large. We can also obtain the value of Jarlskog factor from the relation
For the numerical work, we have used the running quark masses at 1 GeV scale [16] : The experimental values of CKM mixing matrix elements [17, 18] are
We have made χ 2 analysis to obtain two parameters, mass matrix parameter ǫ and the phase 
Note that the predicted ratio |V ub /V cb | prefers lower bound on the experimental measurement, ∼ 0.06. The Jarlskog factor is estimated as
The moduli of the quark mixing matrix elements and the quantity J CP do not depend on the parametrization chosen. We can rewrite the CKM mixing matrix (26) with the standard parametrization as used in the particle data book [18] : 
Within the 1 σ range, the mixing angles and the phase are corresponding to On the other hand, the solar neutrino deficit [7, 8] However, the recent data on the electron neutrino spectrum reported by Super-Kamiokande
[8] seem to favor the "just-so" vacuum oscillation, even though the small angle MSW oscillation and the maximal mixing between the atmospheric ν µ and ν τ have been taken as a natural solution for the neutrino problems [15] . Then, these results from neutrino experiments imply that three flavor neutrinos are oscillating along bimaximal mixing pattern with the observed mass hierarchy, ∆m 
where α = e, µ, τ , and index i represents mass eigenstate of neutrino. Let us denote the unitary matrices, which make the neutrino mass matrix M ν and charged lepton mass matrix M l diagonal, as U ν and U l , The mixing matrix V l CKM in neutrino oscillations is related to U ν and U l as follows:
where T means the transpose. Since the charged lepton family has mass hierarchy m e ≪ m µ ≪ m τ , the approximate form of the orthogonal matrix U l can be obtained, like in the 
Notice that the value of V
